The objective was to evaluate the effects of potential use of brackish water as a source for Sindhi heifers on ingestive behavior and physiological and serum parameters. Twenty-four Sindhi heifers were distributed in a completely randomized design with four treatments and six replications, with levels of total dissolved solids (TDS) of 640, 3200, 5760, and 8320 mg/L. Three 24-hour behavioral tests were performed, which were divided into four observation shifts (00:00 to 06:00; 06:00 to 12:00; 12:00 to 18:00 and 18:00 to 00:00) at the beginning, middle, and end of the experiment. The highest values of black globe temperature humidity index and air temperature were observed at 14:00 h, with values of 92.7 and 34.1 °C, respectively. The different levels of TDS did not promote significant differences (P > 0.05) in the variables feed intake, rumination, idling, feeding efficiency as a function of dry matter and neutral detergent fiber intake, rumination efficiency as a function of dry matter and neutral detergent fiber intake, heart rate, rectal and surface temperature, creatinine, and potassium. Among the assessed shifts, feed and water intake showed higher frequencies in the shifts 2 (06-12 h) and 3 (12-18 h) and rumination showed a higher frequency in the shifts 1 (00-06 h) and 4 (18-00 h). The physiological variables presented higher indices during the warmest hours of the day. A linear behavior was observed for the serum sodium level, presenting a average of 134.4 mmol/L. Water containing up to 8,326 mg/L TDS can be used in the watering of Sindhi heifers in short periods in the season of highest water shortage without affecting the ingestive behavior and physiological and serum parameters of the animal.
Method

Study Site
The experiment was conducted at the Experimental Field of the Caatinga, Sector of Animal Metabolism, belonging to Embrapa Semi-Arid, located in Petrolina, PE-Brazil, (latitude 9°8′8.9″ S, longitude 40°18′33.6″ W, altitude 373 m). The climate of the region is classified, according to Köppen, as semi-arid of the type BSwh'. The average annual precipitation is 570 mm and the average annual maximum and minimum temperatures are 33. 46 and 20.87 °C, respectively (EMBRAPA, 2014) .
Animals, Treatments and Experimental Diet
Twenty-four Sindhi heifers with an average initial body weight (BW) of 170±5 kg and an average of 18 months of age were used in a completely randomized design with four treatments and six replications. Before starting the experiment, the animals were weighed, identified with an ear tag number, treated against ecto-and endoparasites, and placed in individual stalls provided with feeding and drinking troughs.
Treatments corresponded to increasing levels of total dissolved solids (TDS) in the water offered to the animals, being reconstituted with sodium chloride (NaCl) distributed into four electrical conductivity levels (1.0, 5.0, 9.0, and 13.0 dS/m), allowing a 5% difference of the limit of each treatment. For converting the electrical conductivity of water to parts per million (ppm) or milligram per liter of total dissolved solids (mg/L TDS), 1 dS/m was multiplied by 640 mg/L, according to Marwick (2007) . The treatments were converted into milligram per liters in the following proportions: 640, 3200, 5760, and 8320 mg/L TDS. Once a week, the stalls were washed to avoid NaCl accumulation in the edges, which could influence the salt concentration of each treatment.
Samples of water from each treatment were collected weekly, placed in plastic bottles, identified, and sent to the Agro-environmental Laboratory of the Embrapa Semi-Arid, where chemical analyses were performed, the electrical conductivity of the supplied water was measured (Table 1) . The diet of animals was composed of a 50:50 proportion of buffelgrass hay (Cenchrus ciliaris) and concentrate based on soybean meal, ground corn, and mineral supplement ( Table 2) . The diet and water were offered twice daily at 08:00 and 16:00 h. The quantity was calculated based on the consumption of the previous day, always considering 10% leftovers. Weekly samples of the offered feed and leftovers were collected and sent to the laboratory for further bromatological analisys.
Drinking water was weighed before supply and its intake was recorded daily. Three buckets containing water were distributed in the shed to determine the evaporation rate. 
Laboratory Analysis
Laboratory analyses were carried out at the Laboratory of Animal Nutrition of the Embrapa Semi-Arid using the methods described by AOAC (2000) for dry matter (DM; method 967.03), mineral matter (MM; method 942.05), crude protein (CP; method 981.10), and ether extract (EE; method 920.29). Neutral detergent fiber content corrected for ash and protein (NDFap), determined using sodium sulfite-free thermostable alpha-amylase, and acid detergent fiber (ADF) were obtained according to the methodology described by Van Soest, Robertson and Lewis (1991) . Lignin was determined by treating the fiber residue in acid detergent with 72% sulfuric acid (Silva & Queiroz, 2002) . Hemicellulose (HEM) was calculated by means of the equation:
Total carbohydrates (TC) were calculated using the equation proposed by Sniffen, O'Connor, Van Soest, Fox and Russell (1992) :
Non-fibrous carbohydrate (NFC) contents were calculated as proposed by HALL (2000):
Ingestive Behavior
In order to assess the ingestive behavior of animals, three tests were performed: at the beginning, middle, and end of the experiment. The animals were observed for 24 hours divided into four six-hour periods to determine the time spent on ingestion, rumination, and idling, according to the methodology cited by Johnson & Combs (1991) . The data were collected by trained observers using of digital timers and the events were recorded at 10-minute intervals. During the night observations, the environment was maintained under artificial light.
Feeding and rumination efficiency as a function of DM and neutral detergent fiber were calculated according to equations adapted from Bürger et al. (2000) , where,
in which, FEDM is the feeding efficiency as a function of dry matter intake, REDM is the rumination efficiency as a function of dry matter intake, FENDF is the feeding efficiency as a function of neutral detergent fiber intake, RENDF is the rumination efficiency as a function of neutral detergent fiber intake, and DMI is the dry matter intake (g DM/day).
Physiological Parameters
The physiological data were collected after the assessment of ingestive behavior in a period of 12 hours (09:00, 11:00, 13:00, 15:00, 17:00, 19:00, and 21:00 h). Rectal temperature (RT), heart rate (HR), and surface temperature (ST) were obtained at each of these determined times. The rectal temperature was measured by using a veterinary clinical thermometer inserted into the animal's rectum for two minutes. Heart rate was obtained by counting the number of movements during 15 seconds with a flexible stethoscope placed directly over the left thoracic region at the approximate height of the aortic arch. The value was multiplied by four to obtain the heart rate in beats per minute. The surface temperature was obtained with a digital infrared thermometer placed at three determined points of the animal's body (forehead, hump, and thigh) and calculated the mean of these three temperatures.
Serum Parameters
Three blood samples were collected through of venipuncture of the jugular in vacutainer-type tubes without the addition of anticoagulants. After collection, the samples were centrifuged for 15 minutes at 7000 rpm and then, with an automatic pipette, the serum was removed and evenly distributed in properly identified eppendorf tubes, which were kept under refrigeration and transferred to the laboratory for analyses.
The environmental variables recorded were the black globe temperature (BGT) through the Vernon black globe thermometer and the dry-(DBT) and wet-bulb temperature (WBT) using of the dry-and wet-bulb thermometer. The black globe temperature humidity index (BGTHI) was determined according to Buffington et al. (1981) :
In which BGT is the black globe temperature (°C), and DPT is the dew-point temperature (°C). Readings were performed on the same days of the behavioral tests during 24 hours at 1-hour intervals and at all experimental environments, according to international meteorological standards.
Statistical Analysis
Data were analyzed using the Statistic Analysis System 9.0 (SAS Institute, Cary, NC, USA) (SAS, 2009). Analysis of variance was performed using the PROC GLM. Differences were significant when the P-value was less than 5%.
Results
The environmental variables air temperature, black globe temperature humidity index, relative humidity (RH), and others are shown in Figure 1 . The highest values of BGTHI was 92.7 at 14:00 h. The minimum value of BGTHI was 71.6 at 04:00 and 16:00 h, respectively. RH presented an average of 76.8%.
Dry matter intake, daily weight gain and feed conversion did not differ between treatments (Table 3) , presenting average values of 4.12 kg/day, 0.56 kg/day, and 8.21, respectively. An increasing linear effect was observed for water consumption at the drinking trough (P = 0.009) as TDS levels increased, presenting a higher water consumption at the drinking trough at a level of 8,326 mg/L TDS (24.93 L/day).
Regarding the ingestive behavior, salinity levels did not affect the percentages of time of feed intake, rumination, and idling (Figures 2, 3, and 4). However, differences were observed between shifts for these parameters. A difference (P < 0.05) was observed for the time of FI, with the highest percentages for shifts 2 (06:00-12:00 h) and 3 (12:00-18:00 h), i.e. the diurnal period (Figure 2 ). No differences (P > 0.05) were observed between salinity levels of drinking water over the time of RU within each shift. However, a difference (P < 0.05) was observed in the percentage of time of RU (Figure 3) , in which the animals spent more time ruminating in shifts 1 (00:00-06:00 h) and 4 (18:00-00:00 h).
The different salinity levels did not affect (P > 0.05) the idling time within the assessed shifts. However, a difference (P < 0.05) was observed for idling time in the different shifts, presenting a higher percentage of idling time in shift 1 (00:00-06:00 h) (Figure 4 ).
Regarding the percentage of water intake, no differences (P > 0.05) were observed for the different water salinity levels within the assessed shifts. However, a difference (P < 0.05) was observed for this parameter between shifts, with higher values for shifts 2 (06:00-12:00 h) and 3 (12:00-18: 00h) ( Figure 5 ).
Frequencies of water intake and urination presented a quadratic behavior (P < 0.05), with higher values for the treatment containing 8,326 mg/L TDS. The frequency of defecation showed an increasing linear effect (P < 0.05) as TDS levels in drinking water increased (Table 4 ).
No differences (P > 0.05) were observed in the variables FEDM, FENDF, REDM, and RENDF, with averages of 1107.62, 599.2, 739.62, and 400.1 g/h, respectively (Table 5) .
Regarding the physiological parameters heart rate (HR) and rectal (RT) and superficial temperatures (ST), no significant (P > 0.05) was observed between the different studied salinity levels. However, a difference (P < 0.05) was observed between the assessment times (09:00, 11:00, 13:00, 15:00, 17:00, 19:00, and 21:00 h). A difference was observed between times for the heart rate (P < 0.05), with higher values at 15:00 h (Figure 6 ), when the animals presented an average of 100 beats/min. This fact may have occurred due to the high temperature observed at this time (Figure 1 ).
Rectal temperature (RT) varied from 37.9 to 38.5°C, with a difference between the assessed times (P < 0.05), when the animals had the highest RT values during the warmest times of the day (13:00, 15:00, and 17:00 h, respectively) ( Figure 7 ).
The average ST was 36.5 °C, ranging from 35.8 to 37.6 °C. In addition, ST was not affected by different water salinity levels, but there was an increase in times with the highest radiation index (11 to 15 h) and then a decrease of this variable (Figure 8 ).
Serum creatinine and potassium concentrations did not differ (P > 0.05) between the different TDS levels, showing average values of 0.99 mg/dL and 4.2 mmol/L, respectively (Table 6) . A linear increase (P < 0.05) was observed between salinity levels for serum sodium levels, with an average of 134.4 mmol/L. Note. a SEM = Standard error of the mean. FEDM = feeding efficiency as a function of dry matter intake; FENDF = feeding efficiency as a function of neutral detergent fiber intake; REDM = rumination efficiency as a function of dry matter intake; RENDF rumination efficiency as a function of neutral detergent fiber intake. Note. a SEM = Standard error of the mean; ns = not significant.
Discussion
The Livestock Weather Safety Index quantified environmental conditions using the THI and it described the heat stress zone into four categories with different range of THI under each category like normal (≤ 74), alert (74 < THI < 79), danger stress (79 ≤ THI < 84) and emergency stress (THI ≥ 84) in livestock (Dash et al., 2016) . But these values are used for the temperate North American climate. The conditions of the semiarid are different. According to the results, the animals showed to be well adapted to emergency levels. The average values are close to those found by Oliveira et al. (2012) , who assessed Sindhi steers in the semiarid region of Pernambuco and observed BGTHI values of 71.7 and 87.2 at 05:00 h.
The RH value is above that considered as adequate for most production animals, which should range 60 and 70% according to Das et al. (2016) . Although the RH value was considered above the normal, the stress condition only occurred when associated with a high air temperature, which presented an average of 27.4 °C, with a maximum of 34.1 °C at 14:00 h and a minimum of 22.4 °C at 05:00 h. According to Furtado et al. (2012) , an air temperature ranging between from 16 to 28 °C is considered as a thermal comfort zone for Bos indicus. Therefore, the animals used in this study were not under a thermal comfort zone, reaching this condition only at nighttime.
The values obtained for dry matter intake (kg/day) are close to that recommended of 4.4 kg/day for animals with 250 kg and DWG of 0.500 kg (NRC, 1996) . Thus, that different salinity levels in drinking water were not able to affect DMI possibly because it did not cause effects on the ruminal microbiota due to factors such as the high tolerance of ruminal microorganisms to salinity (Potter, Walker, & Forrest, 1971; Johansson, 2008) .
Water intake offered in the drinking trough was above that considered normal for cattle of 100 kg/BW and at temperatures higher than 27 °C, which is from 16 to 18.6 L/day (Church, 1993) . A similar behavior was observed by Valtorta et al. (2007) , who verified that higher TDS levels in the drinking water of lactating Dutch cows promoted a higher water intake. This increase in water intake can be explained by the high level of salt contained in this water, which increased the need to ingest water (Rakova et al., 2017) . However, this consumption for domestic animals should be provided in a gradual manner, favoring the adaptation and acceptability of a lower quality water, avoiding their interference in the intake and digestibility of nutrients (Araújo, Voltolini, Chizzotti, Turco, & Carvalho, 2010) .
The National Research Council (2001) recommends that cattle should ingest water with a maximum of 7000 mg/L TDS and higher values may cause metabolic disorders and, consequently, performance problems. However, no metabolic disturbance was observed in the animals of the present study. This implies that animals can intake water with up to 8326 mg/L without causing damage to their performance.
Appuhamy, Judy, Kebreab and Kononoff (2016) stated that water intake is associated with a high salinity content and high ambient temperature. The animals of the present study were under shaded screens with 70% shading and, under these conditions, they could be under a heat stress condition since the material used did not guarantee a total protection against the incidence of solar radiation. Therefore, according to Schütz, Lee and DeVries (2018) , these conditions favor mineral loss through saliva, sweat, and urine, and the animal tends to drink more water to maintain the hydroelectrolytic balance.
According to Segabinazz et al. (2014) , animals in confinement have the availability of feed at fixed periods, so the intake activity becomes diurnal. This behavior is due to the psychogenic fact since the frequency of supplying favors the stimulus of voluntary intake.
The FI time observed in this study corroborates the results of Pinto et al. (2010) , who stated that activities performed by animals during the day are not homogeneous, with a longer time of feed intake from 6:15 to 18:00 h for confined crossbred bulls fed three different diets and water ad libitum. These differences were attributed to jas.ccsenet.org
Journal of Agricultural Science Vol. 11, No. 4; the fact that the animals were housed and receiving diets at 9:00 and 15:00 h, that is at the same time as the present study. Within this period, the authors also observed that the highest frequency of feed intake was observed between 12:15 and 18:00 h due to a higher feed availability.
The animals of this study spent more time ruminating in the cooler hours of the day. According to Oliveira et al. (2012) , increases in the time of rumination occur in cooler periods of the day, being this activity responsible for a higher release of heat increment and the option to ruminate at times with milder temperature may reflect the adaptive capacity of these animals to warm climate regions.
There is an inverse relationship between feeding and rumination time (Pahl, Hartung, Mahlkow-Nerge, & Haeussermann, 2016) . This fact was proven in this study since there was a higher FI time in the diurnal period, with a lower RU time at this period and an opposite behavior at night. This result corroborates Oliveira et al. (2012) , who also observed higher rumination times at night. Therefore, the different salinity levels provided to the animals were not enough to alter rumination behavior since the results observed in the present study are considered normal.
Rumination and idling periods occur between meals and have duration and distribution pattern influenced by ingestion activities (Pazdiora et al., 2011; Geron et al., 2018) . In this sense, the animals intercalated activities of rumination and idling in shift 1, corresponding to the period between 00:00-06:00 h.
The habit of water intake follows feed intake and the intake peak coincides with dry matter intake even when the feed is offered several times a day (Almeida et al., 2013) . In this study, the highest percentages of time of feed and water intake occurred during the same period. Shift 3 (12:00-18:00 h) was the period with higher values of air temperature and BGTHI. Therefore, animals need to ingest more water to ensure the control of their body temperature.
The more salts the animal consumes, the more water they will also consume because without the balance between water and mineral salts, especially sodium and potassium, kidney reabsorption reactions are not possible, generating a hydroelectrolytic imbalance. Salts need to be present in the medium so that there is water reabsorption by the kidneys. These results are in accordance with water intake, which increased according to the higher TDS in the water.
Urine and feces are means of eliminating water and salts from the body. Therefore, when animals drink more water and ingest more salt, the frequency of urination and defecation is higher because kidneys balance these levels of water and salts in the body and tend to excrete more when under higher concentrations of these substances (Guyton & Hall, 2011) . Valente-Campos, Nascimento and Umbuzeiro (2014) and Beyene (2016) observed that the frequency of elimination of substances from the organism is related to environmental variations, water intake, and volume, quality, and type of feed consumed by the animals.
The similarity in rumination and feeding times may have contributed to the lack of difference between treatments. For Oliveira, Castro, Herculano, Mourthé and Santos (2016) , feeding and rumination efficiencies are primarily affected by animal intake, which can promote changes in feeding, rumination, and idling times. Oliveira et al. (2012) evaluated Sindhi steers fed different old man saltbush (Atriplex nummularia Lindl.) hay levels and fresh water ad libitum and did not report differences for FEDM, FENDF, REDM, and RENDF. Therefore, salt contents in animal feed in both diet and water possibly do not influence these in the evaluated levels parameters.
According to Correia et al. (2012) , HR of cattle is considered normal between 48 and 80 beats/min. The animals of this study presented an HR above the normal range. This may be associated with the environmental temperature together with the animal heat production, which can alter the vagal tone, intensifying the activities of the cardioaccelerator and vasoconstrictor centers, thus increasing heart rate. This effect occurs, presumably, because excessive heat increases the ionic permeability of the cell membrane, resulting in an acceleration of the process of self-excitation (Guyton & Hall, 2011) .
makes the air temperature in the afternoon to be the origin of a high rectal temperature in the tropics, especially in the summer. Therefore, it can be used to assess the thermal stress level of animals during this period as rectal temperature measurement is often used as an index of physiological adaptability to warm environments because its increase shows that mechanisms of heat release became inefficient (Randhawa, Chhabra, Randhawa, Zahid, & Dhaliwa, 2014) . The fact that animals showed a normal RT despite the high BGTHI value shows their efficient mechanisms to maintain homeothermia and that water salinity levels do not affect this balance.
An increase in surface temperature reflects an increase in ambient temperature, thus not characterizing the body temperature of animals (Shiota et al., 2013) . The high values indicate an increase in blood flow from the central nucleus to the animal surface, and consequently an increase in heat flow rate, which results in an increased ST (Souza et al., 2007) .
Bovines and other ruminants are homeothermic animals, tending to maintain a constant body temperature through the heat flow determined by processes that depend on temperature and relative air humidity. When these animals are kept in high-temperature environments, in which heat production exceeds dissipation, most sources of endogenous heat are decreased (mainly feed intake), while body temperature, respiratory rate, sweating rate, and heartbeats increase. This happens due to the involvement of physical, biochemical, and physiological processes that to try to neutralize the negative effects of heat stress and maintain thermal equilibrium. When changes in these parameters occur, give indications of the animal's attempt to minimize the thermal imbalance (Pinheiro et al., 2015) . Souza et al. (2007) analyzed the physiological parameters and heat tolerance index in Sindhi cattle and observed higher averages of surface temperatures in the afternoon when compared to that observed in the morning during dry and rainy seasons. This shows that under a severe stress, an increase in blood flow occurs from the central nucleus to the animal surface and hence a high heat flow rate, resulting in high surface temperatures.
The creatinine concentration is within the range of 1.0 to 2.0 mg/dL estimated for cattle (Ferreira et al., 2009 ). High sodium concentrations in the blood can trigger hypertension and consequently affect the functioning of the kidneys. However, serum creatinine level is used to assess the glomerular filtration rate because when the levels are high, it means that the kidneys are not working properly (İssi, Gül & Başbuğ, 2016) . This fact did not occur in our study, indicating that, although the animals have consumed water with a high STD level, the functioning of the kidneys was not impaired.
The results found for serum sodium levels are within the reference values of 130 to 145 mmol/L for cattle (Ferreira et al., 2009) . As sodium intake increases, its output is slightly delayed in relation to its intake and this delay results in a small increase in the cumulative sodium balance, which causes a slight increase in the volume of the extracellular fluid (Guyton & Hall, 2002) .
Potassium concentration is within the reference standards of 3.5 to 5 mmol/L for cattle (Ferreira et al., 2009) .
Possibly these values did not differ because of the ability of the kidneys in balancing this ion. Potassium balance involves a change in its excretion. When there is a high intake of this ion, secretion exceeds reabsorption and its excess is excreted through the urine in order to maintain its equilibrium in the extracellular fluid (Zacchia, Abategiovanni, Stratigis, & Capasso, 2016) .
Conclusion
Water with up to 8,326 mg/L TDS can be used in the watering of Sindhi heifers in short periods during the season of highest water shortage without affecting the ingestive behavior, physiological and serum parameters, and performance of animals.
